The present study was conducted to evaluate 16 crosses between 4 breeds of rabbits from a physiological point of view. The breeds tested were Baladi Red (BR), Chinchilla Giganta (ChG), French Giant Papillon (FGP) and Simenwar (S). A total number of 6144 blood samples were collected to detect the effect of crossing, age of kits, month of kindling and sex effects. The traits evaluated were: haematological parameters; red blood cell count (RBCs), haemoglobin concentration (Hb), haematocrit value (Ht%), biochemical parameters of plasma; total protein (TP), albumin (Alb), globulin concentration (Glo), albumin/globulin ratio (Alb/Glo) and triglycerides (TG). BR or its crosses, using BR sires or BR dams, showed the highest value of RBCs, Hb and Ht%. Crossbred rabbits obtained from mating BR and FGP rabbits had the highest Glo values. Rabbits which were born in May-June months had the highest values of TP and its fractions (Alb and Glo). Age of kits had a highly signifi cant effect (P<0.001) on RBCs, Hb, Ht%, TP and TG. Moreover, Glo and Alb/Glo ratio (P<0.01) and Alb (P<0.05) were also signifi cantly affected. Sex had no signifi cant effect on all studied parameters. Signifi cant positive correlations were found between TP and each fi nal body weight, total weight gain, total feed intake, carcass weight and dressing percentage, while signifi cant negative correlation was found with feed conversion.
INTRODUCTION
Crossing between different breeds of rabbits plays an important role in increasing certain biochemical traits such as total protein and albumin (nofal et al., 1999) . However, Cazabon et al. (2000) reported no signifi cant differences between new Zealand White and its crosses with Californian, Checkered Giant and Flemish Giant breeds for haemoglobin concentration, haematocrit value and plasma protein.
Accordingly, the present investigation studies the differences in some haematological and blood constituents of crossbred and purebred rabbits. Age of kits, month of kindling and sex were also considered.
MATERIALS AND METHODS
The experimental work in this study was carried out at Fayoum governorate, located about 100 km southwest of Cairo. Purebred and crossbred rabbits of three exotic breeds Chinchilla Giganta (ChG), French Giant Papillon (FGP) and Simenwar (S) and one local Egyptian breed, Baladi Red (BR) were used during the two production years of the study, which started in December 2003 and lasted until August 2005 (Table 1) . Descriptions of the four breeds were reported by Abdel-Azeem (2006) .
A total of 256 does (64 does per breed) and 64 bucks (16 bucks per breed) were used. Does were allowed to kindle 4 parities per year. Kits were weaned at 32 d after birth, ear tagged by permanent marker and retagged each 20/30 d of age, sexed and housed in wire-netted hutches with suitable space in the second row of batteries along the rabbitry.
Pregnant and lactating does were fed ad libitum with commercial pellets. Pellet composition was 17.85% crude protein, 13.70% crude fibre and 3.10% ether extract. The young rabbits were fed ad libitum until 6 wk post weaning with a diet of commercial pellets composed of 16.77% crude protein, 13.85% crude fibre and 3.75% ether extract.
A total number of 6144 blood samples were collected from 2990 males and 3154 females. Blood samples were collected at 6 and 9 wk of age in 3 rabbits from each mating. Xylol was applied to increase blood flow (Hoppe et al., 1971 ) using heparin as anticoagulant.
Approximately half of each blood sample was centrifuged (15 min, 3000 rpm) and the obtained plasma was removed and frozen stored at −20Cº until analysis. Blood samples were taken to determine red blood cells count (RBCs) and haematocrit value (Ht%) according to Bauer (1970) and haemoglobin (Hb) as stated by Singh (1983) . Plasma total protein (TP), albumin (Alb), triglycerides (TG) were determined by using commercial kits. Globulin (Glo) concentration of plasma and albumin/globulin ratio (Alb/Glo) were calculated. Correlations were estimated between RBCs, Hb, Ht%, TP, Alb, Glo, Alb/Glo, TG and each of final body weight (FBW), total weight gain (TWG), total feed intake (TFI), feed conversion (FC), carcass weight and dressing percentage.
Analysis of variance using the General Linear Model (GLM) was used to calculate the least square means of the studied traits using SPSS (1997 
RESULTS AND DISCUSSION

Haematological Parameters
RBCs, Hb and Ht% increased significantly (P<0.001) from 6 to 9 wk as shown in Table 2 . This trend was reported by Meshreky et al. (2005) working on kits from 12 to 16 wk of age. This may be due to the positive relationship between blood volume and age advancement as indicated by Prince (1982) and Jain (1986) regarding total body weight estimates or body surface area.
Mating group effect was highly significant (P<0.001) on RBCs, Hb and Ht% as shown in ). The highest Hb value was recorded in S×ChG (11.64±0.028 g/dL). The Hb values were in the same range as given by Jones et al. (1975) , Fekry and Shebaita (1994) , El-Maghawry et al. (1994) who reported Hb values between 9.0 -14 (g/100 mL). The FGP×ChG crossbred had higher value of Ht% (30.77±0.050%) than other crossbreds.
Month of kindling effect was significant (P<0.01) in RBCs, Hb and Ht% (Table 2 ). Highest value of RBCs, Hb and Ht% were recorded in litters kindling in January and lowest values were recorded in litters kindling from May-June. These results agreed with those obtained by Okab and El-Banna (2003) . There was a decrease in the number of red blood cells with increasing ambient temperature (Shebaita, 1993) . Decreasing Ht% under high ambient temperature conditions may be due to the increase in body water retention and extracellular water (Meshreky et al., 2005) , or increased plasma volume in hyperthermic animals (Othman, 1990) . The decrease in Hb may also be due to the decrease in RBCs in litters born in May-June.
Sex effect was not significant in RBCs, Hb and Ht% as shown in Table 2 . This is mainly due to the age of rabbits (6 and 9 wk), far from pubertal stage and from sexual hormone secretion. Since androgen hormone (Darwish and El-Habbak, 2003) and testosterone hormone (Khalil, 1997) increase red blood cells formation rate, through increase of erythropoietin formation rate in kidney, it also increases RBC formation in bone medulla.
Biochemical Parameters:
Age of kits had a highly significant effect (P<0.001) on TG. It also significantly affected Glo and Alb/ Glo ratio (P<0.01) and Alb (P<0.05) ( Table 3 ). These results indicate that TP, Alb, Glo, Alb/Glo ratio and TG tended to increase from 6 to 9 wk of age. These results agreed with those obtained by Jain (1986), Chiericato et al. (2000) , Meshreky et al. (2005) .
Mating group had a highly significant effect on TP and TG (P<0.001). It also significantly affected Alb (P<0.01), Glo and Alb/Glo ratio (P<0.05) ( Meshreky et al. (2005) . Among purebreds, the highest value of TP was recorded in FGP (5.369±0.001 g/dL).
The higher value of Alb found in crossbred rabbits suggests that metabolic rate may be higher in crossbred than in purebred rabbits. The change in albumin level reflects the change in liver function (Azoz and El-Kholy, 2005) . Jones and Bark (1979) reported that the liver is the site of albumin synthesis, whereas lymphatic tissues form globulin.
Crossbred animals obtained by mating BR or FGP rabbits with other breeds showed higher values in Glo. The crossing between FGP×BR had the highest value (2.225±0.004 g/dL). Globulin can be taken as a good indicator of immunity response (Ismail et al., 2002) . There is an inverse relationship between Alb/Glo ratio and immunoglobulin level (Ismail et al., 2002) . Low Alb/Glo ratios, indicating high immunoglobulin level, were measured in crossbred animals when FGP rabbits were used as sires and, in a lesser extent, when BR were used as sires.
Crossbred rabbits had higher value of TG than purebred. Among purebred, ChG had the highest value of TG (16.20±0.008 mg/dL). FGP×ChG had higher value of TG (16.38±0.008 mg/dL) than other crossbred.
Month of kindling effect was highly significant in TP, Glo, Alb/Glo ratio and TG (P<0.001) and significant in Alb (P<0.05) ( Table 3 ). The increase in serum total protein and its fractions in hyperthermic animals are in agreement with those reported by Okab and El-Banna (2003) ; Meshreky et al. (2005) who found that plasma protein was higher in summer months than in winter months. In contrast, high TG values were recorded in January and decreased with the rise of temperature. This may be due to the increase in feed consumption during low temperature and to the associated increase in fat metabolism rate.
Heterosis and superiority of haematological and biochemical parameters
Heterosis and superiority of haematological and biochemical parameters in crossbred rabbits are presented in Tables 4 and 5 . Positive and negative heterosis or superiority was shown for haematological and biochemical parameters. This means that, depending on the crossing, some haematological and Correlation coefficients among some haematological and biochemical parameters at 6 wk of age and some productive traits of rabbit breeds at marketing age (10 wk of age) are presented in Table 6 . The correlation estimates between TP and FBW, TWG, TFI, carcass weight and dressing percentage were significantly positive. Significant positive correlations were found between TG and FBW, TWG, TFI and carcass weight. Concerning FC, there were significant negative, and so favourable, correlations with TP and TG.
CONCLUSIONS
It may be concluded that the superiority of crossbred rabbits in some blood metabolites could be due to their ability to maintain their normal biological functions under Middle Egyptian conditions, especially those of Fayoum city. Table 5 : Heterosis and superiority of biochemical parameters in plasma in crossbred rabbits.
